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Introduction
The observation of the decays D * sJ (2860) → D * K rules out the J P = 0 + assignment, the possible assignments are the 1 3 D 3 cs meson [3, 4, 5, 6, 7, 8, 9, 10] , the cs − cnsn mixing state [11] , the dynamically generated D 1 (2420)K bound state [12] , etc.
In 2014, the LHCb collaboration observed a structure at 2.86 GeV in the D 0 K − mass distribution in the Dalitz plot analysis of the decays B 0 s → D 0 K − π + , the structure contains both spin-1 (the D * − s1 (2860)) and spin-3 (the D * − s3 (2860)) components [13, 14] . Furthermore, the LHCb collaboration obtained the conclusion that the D * sJ (2860) observed in the inclusive e + e − → D 0 K − X production by the BaBar collaboration and in the pp → D 0 K − X processes by the LHCb collaboration consists of at least two particles [2, 15] .
The QCD sum rules is a powerful theoretical tool in studying the ground state hadrons and has given many successful descriptions of the masses, decay constants, form-factors and hadronic coupling constants, etc [16, 17] . In Ref. [18] , we assign the D * s3 (2860) to be a D-wave cs meson, and study the mass and decay constant (or the current-meson coupling constant) of the D * s3 (2860) with the QCD sum rules. The predicted mass M D * s3 = (2.86 ± 0.10) GeV is in excellent agreement with the experimental value M D * s3 = (2860.5 ± 2.6 ± 2.5 ± 6.0) MeV from the LHCb collaboration [13, 14] . We obtain further support by reproducing the mass of the D * s3 (2860) based on the QCD sum rules.
If we assign the D * sJ (2860) to be the 1 3 D 3 state, the ratio R from the leading order heavy meson effective theory [3] , the constituent quark model with quark-meson effective Lagrangians [5] , the 3 P 0 model [6, 9, 19, 20, 21] and the relativized quark model [22] cannot reproduce the experimental value R = 1.10 ± 0.15 ± 0.19 [2] . The values of the ratio R from different theoretical methods are shown explicitly in Table 1 : The values of the ratio R from different theoretical methods compared to the experimental data.
The cq mesons can be sorted in doublets according to the total angular momentum of the light antiquark s ℓ , s ℓ = sq + L, in the heavy quark limit, where the sq and L are the light antiquark's spin and orbital angular momentum, respectively [23] . For the D-wave mesons, the doublets (
, respectively. The following two-body strong decays can take place, 
where the currents
The current J µνρ (0) has negative parity, and couples potentially to the J P = 3 −c s meson D * s3 (2860). Furthermore, the current J µνρ (0) also couples potentially to the J P = 2 + , 1 − , 0 +c s mesons. The current-meson coupling constants or the decay constants
where the ε µνρ (p, s), ε µν (p, s) and ε µ (p, s) are the mesons' polarization vectors with the following properties [25] ,
At the phenomenological side, we insert a complete set of intermediate hadronic states with the same quantum numbers as the current operators J 5 (x), J σ (x), J K (y) and J µνρ (z) into the correlation functions Π µνρ (p, p ′ ) and Π σµνρ (p, p ′ ) to obtain the hadronic representation [16, 17] .
We isolate all the ground state contributions and write them down explicitly,
where the · · · denotes the contributions come from the higher resonances and continuum states,
the ε µνρ (p, s), ε µν (p, s) and ε µ (p, s) are the mesons' polarization vectors. Now we rewrite the correlation functions Π µνρ (p, p ′ ) and Π σµνρ (p, p ′ ) at the phenomenological side into the following form, 
the equation does not survive. We have to introduce the traceless current J µνρ by taking the following replacement,
then the traceless current J µνρ satisfies the relations g µν J µνρ = g µρ J µνρ = g νρ J µνρ = 0, and
According to Eq. (5) 
where
, the λ n is the Gell-Mann matrix, the i, j, k are color indexes [17] . We usually choose the full light quark propagators in the coordinate space. In the present case, the quark condensates and mixed condensates have no contributions, so we can take a simple replacement c → d/s to obtain the full d/s quark propagators. We compute all the integrals, then obtain the QCD spectral density through dispersion relation.
The leading-order contributions Π 0 µνρ (p, p ′ ) and Π 0 σµνρ (p, p ′ ) can be written as
The gluon field G µ (z) in the covariant derivative has no contributions as G µ (z) = 1 2 z λ G λµ (0)+· · · = 0. We put all the quark lines on mass-shell by using the Cutkosky's rules, see Fig.1 , and obtain the leading-order QCD spectral densities ρ µνρ (s, u) and ρ σµνρ (s, u),
It is straightforward to compute the integrals 2 , some useful identities are given explicitly in the appendix. The contributions of the gluon condensates shown in Fig.2 are calculated in the same way.
Once the analytical expressions of the QCD spectral densities are obtained, we can take quarkhadron duality below the continuum thresholds s 0 and u 0 respectively, and perform the double Borel transform with respect to the variables P 2 = −p 2 and P ′2 = −p ′2 to obtain the QCD sum rules,
2 We choose the four-vectors as p = (
, and obtain the following solutions
from the three Dirac δ-functions in Eq. (26) or Eq. (27) . Then we obtain cos θ
, from the identity 
the explicit expressions of the coefficients a 1 , b 1 , b 2 , c 2 , e 3 , f 3 are given in the appendix. 
Numerical results and discussions
The value of the gluon condensate is taken to be the standard value αsGG π = 0.012 GeV 4 [16, 17] .
In the article, we take the M S masses m c (m c ) = (1.275 ± 0.025) GeV and m s (µ = 2 GeV) = (0.095 ± 0.005) GeV from the Particle Data Group [26] , and take into account the energy-scale dependence of the M S masses from the renormalization group equation,
where t = log
, Λ = 213 MeV, 296 MeV and 339 MeV for the flavors n f = 5, 4 and 3, respectively [26] . Furthermore, we obtain the values m u = m d = 6 MeV from the Gell-Mann-Oakes-Renner relation at the energy scale µ = 1 GeV. In calculations, we take n f = 4 and µ = µ D * s3 = 2.1 GeV [18, 27] . In Ref. [27] , we study the masses and decay constants of the pseudoscalar, scalar, vector and axial-vector heavy mesons with the QCD sum rules in a systematic way. In this article, we take the values
2 determined in the two-point QCD sum rules [27] . In Ref. [18] , we assign the D * = (11.6 ± 0.7) GeV 2 determined in the two-point QCD sum rules [18] . Furthermore, we take the values M K = 0.495 GeV and f K = 0.160 GeV from the Particle Data Group [26] In the following, we write down the definitions for the pole contributions of the D 
then we extend the values to the physical region
, and obtain
the uncertainties of the
K ) are about 18% and 28%, respectively.
We can take the physical values of the hadronic coupling constants G D * s3 DK and G D * s3 D * K as input parameters and study the two-body strong decays, which take place through relative F-wave,
If we saturate the decay width of the D * s3 (2860) with the strong decays to the final states
the total decay width is 44.5 ± 10.2 ± 9.1 MeV, which is compatible with the width Γ D * s3 = (53 ± 7 ± 4 ± 6) MeV from the LHCb collaboration [13, 14] . The predicted ratio R
which has minor overlap with the experimental value,
from the BaBar collaboration [2] due to the uncertainties, while the central value is much smaller than the experimental value. If we assign the D * sJ (2860) to be the D * s3 (2860), the theoretical values R from the leading order heavy meson effective theory [3] , the constituent quark model with quark-meson effective Lagrangians [5] , the 3 P 0 model [6, 9, 19, 20, 21] and the pseudoscalar emission decay model [22] are much smaller than the experimental value, see Table 1 . If we take into account the chiral symmetry breaking corrections, the experimental value can be reproduced with suitable parameters in heavy meson effective theory [24] . In the present work, we cannot reproduce the experimental value R = 1.10 ± 0.15 ± 0.19 based on the QCD sum rules, and fail to obtain additional support for assigning the D * sJ (2860) to be the D * s3 (2860). We have two choices to reproduce the experimental value R = 1.10 ± 0.15 ± 0.19, one choice is taking into account the chiral symmetry breaking corrections by fitting the revelent parameters in the heavy meson effective Lagrangians [24] ; the other choice is introducing some D s2 (2860) and D 
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